ABSTRACT
INTRODUCTION Background

Virtual Environments and Virtual Reality:
With the development of highly sophisticated computers and graphic systems, a major shift is occurring in the ways people communicate and interact with technology, with information, and with each other. One interactive technology that is seeing dramatic growth is online virtual environments (VEs), defined by Moshell and Hughes The rapid emergence and growth of interactive online VEs and their acknowledged potential for sharing knowledge through learning, working, and doing business collaboratively suggests that a basic knowledge of the characteristics and features of these tools is needed by both educational institutions and workplaces. This need provided the impetus and established the purpose for this literature review paper.
Types of Virtual Environments
Virtual environments are 3D graphic spaces that users can Learning, we will find ways of aligning learning more closely to the culture and styles of our learners" (p. 4).
Characteristics of Vir tual Worlds and Online
Communities-Avatars, Pedagogical Agents and their Populations
Interactive VEs on the Internet are complex virtual worlds in which many users can interact simultaneously. These virtual worlds can be extremely complex "cyber (Feldman & Yu, 1999) . Human users can interact with these agents by communicating with them much as they would interact with a classroom teacher, a fellow student, or a co-worker.
Like avatars, pedagogical agents create environments that are highly interactive and social. Figure 2 shows an avatar/agent ready to guide a user through a virtual world and its contents.
The embodiment in VEs of human actors in the form of avatars or agents does more than just allow participants to occupy or experience a virtual world. According to Bromage (2002) , it also allows them to act upon the world, which raises concern for the consequences that has for social interaction. Moshell learning. This is illustrated in Figure 3 .
Physical characteristics of avatars and agents
Several studies have addressed the relationships of gender, age, ethnicity, and appearance of VE agents with user perceptions and communications. The effects of agent gender on learning and motivation have shown mixed results in experimental studies. Nowak et al. (2007) found that gender matching of avatar and user augmented perceived homophily. Baylor and Kim (2003) reported that user self-regulation and self-efficacy were higher for learners who used male agents. Baylor then later (2007) found that VE users who interacted with female agents tended to have higher emotional outcomes, especially self-efficacy; that male agents were generally perceived as more competent than females; and that interactions with male agents tended to result in greater perception of overall satisfaction with the learning system and agent effectiveness.
Conclusions regarding the effects of agent ethnicity have been formed from several different perspectives. An experiment by Baylor and Kim (2004) found that when agents play the role of expert, black agents were perceived as more effective than white. Baylor (2007) later asserted that black VE users were more likely to consider agents they chose to be more engaging and human-like than were white users; however, if users chose an agent with like ethnicity, then they considered the agent to be more human-like and affable, as well as more effective in influencing attitudinal outcomes. This finding appears to support homophily theory. Baylor and Plant (2005) suggested that agent attractiveness could also be important in agent design, at least for young females. In this study, the attribute of "attractiveness" was chosen by female undergraduate students as an attribute for agents they respected, identified with, and wanted as an engineering instructor.
Personality and style of avatars and agents
Several studies have reported findings relevant to the design of the personalities of agents in VEs. According to Baylor (2007) , when agents display emotional expressions, this improved message persuasiveness. Gulz (2005) found that some learners preferred more social agents because they were fun, interesting, and provided opportunity to know the character better, while others preferred less social and more task oriented agents because the more social ones could be distracting to the learning task and a tiresome nuisance. Lee, Nass, Brave, Morishima, Nakajima, and Yamada (2007) demonstrated that for at least some learning measures, agents who were "caring co-learners" expressing encouragement and showing empathy toward Japanese students helped build trust and promote learning. Lee, Maldonado, Nass, Brave, Yamada, Nakajima, and Iwamura (2008) found that computer agents who displayed cooperative personalities had positive effects on user performance and also on enhancing the relationship between user and agent by fostering trust in the technology.
Navigation and control of avatars and agents
Successful VEs require not only well-designed avatars and agent, but also good navigational control of these onscreen characters. Di Blas and Poggi (2007) found that the And who wants to look like a newbie by crashing into walls all of the time?" (p. 68). It appears that navigating and controlling avatars/agents in VEs can be a design problem and that good training for users in these skills may be required for successful implementation.
Recommendations for Research on Online VEs
As online VEs, avatars, and pedagogical agents continue to become more technologically complex and more widely used, there is significant potential for research to explore the nature and range of social interactions and learning outcomes of human learners with these technologies. While these technologies are promising, it is only through focused research that their benefits can be maximized through effective design and implementation.
This paper offers research recommendations in two general areas: theoretical approaches, and research models.
Theoretical Approaches to Research on VEs, Avatars, and Agents
Good research requires sound theoretical foundations.
The study of online virtual worlds and the cooperative learning and knowledge sharing they facilitate might be approached from several theoretical areas. One productive theoretical frame might be organizational knowledge creation and sharing. The knowledge creation theory proposed by Nonaka and Takeuchi (1995) and Nonaka and Toyama (2003) 
